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Summary 

Congress continues to debate the federal role in biofuel research, biofuel tax incentives, and 
renewable fuel mandates. The debate touches on topics such as fuel imports and security, job 
creation, and environmental benefits, and is particularly significant for advanced biofuels, such as 
those produced by algae. 

Congress established the Renewable Fuel Standard (RFS2) — a mandate requiring that the 
national fuel supply contain a minimum amount of fuel produced from renewable biomass. The 
RFS2 is essentially composed of two biofuel mandates — one for unspecified biofuel, which is 
being met with corn-starch ethanol, and one for advanced biofuels (or non-com starch ethanol), 
which may not be met in coming years. Within the advanced biofuels category, the RFS2 
requirements for the cellulosic biofuels subcategory (e.g., ethanol from switchgrass) have not 
been met for the last few years, which could cause alarm, as this subcategory is slated to ramp up 
from roughly 3% of the standard in 2012 to roughly 44% of the standard in 2022. Limited 
cellulosic biofuels production has occurred to date. As a result, as allowed under the RFS2, the 
Environmental Protection Agency (EPA) has lowered the required cellulosic biofuels volume for 
2010, 201 1, and 2012 and has proposed to do the same for 2013. 

Currently, algae -based biofuel qualifies as an advanced biofuel under the RFS2, but not as a 
cellulosic biofuel. One possible solution to meet the RFS2 cellulosic biofuels mandate is to add 
algae as an eligible feedstock type. Because algae is not cellulosic and is not defined as such in 
the RFS2, it does not qualify for this subcategory. Algae does qualify as a feedstock for the 
biomass-based diesel subcategory of the RFS2 advanced biofuel mandate. The RFS2 does not 
mandate rapid growth of biomass-based diesel, as it does for cellulosic biofuels. 

Algae can be converted into various types of energy for transportation, including biodiesel, jet 
fuel, electric power, and ethanol. The potential advantages of algae -based biofuel over other 
biofuel pathways include higher biomass yields per acre of cultivation, little to no competition for 
arable land, use of a wide variety of water sources, the opportunity to reuse carbon dioxide from 
stationary sources, and the potential to produce “drop-in” ready-to-use fuels. Potential drawbacks 
include the anticipated cost of production, the amount of resources (e.g., water and land) required 
to produce the biofuel, and the lack of commercial-scale production facilities. Algae -based 
biofuel research and development are in their infancy, although work has been conducted in this 
area for decades. At present, published research efforts offer policymakers little guidance on what 
algae types or conversion methods for which biofuel could be the front-runner for commercial 
production, and when. 

Congressional support for algae -based biofuel has consisted of congressionally directed projects 
and funding of programs and studies by the Departments of Energy (DOE) and Defense (DOD). 
Some algae industry advocates contend that Congress should encourage advances in algae -based 
biofuel production by extending the expiration date for eligible tax credits, appropriating 
additional federal funds for algae -related programs, and modifying the RFS2 to include algae in 
the cellulosic biofuels mandate, as was done recently for the cellulosic biofuels production tax 
credit. In contrast, some argue that Congress should reconsider its investment in biofuels because 
of the current federal budget crisis and the lack of any measurable progress in cellulosic biofuels 
production. 



Congressional Research Service 




Algae's Potential as a Transportation Biofuel 



Proposed legislation in the 1 12 th Congress would have either expanded the cellulosic biofuels 
definition for the RFS2 to include algae by amending the Clean Air Act, and/or expanded the 
definition in the tax code for select tax credits to incoiporate algae (e,g., H.R. 1 149, S. 1 1 85). The 
American Taxpayer Relief Act of 20 12 (ATRA; P.L. 112-240) did amend both the cellulosic 
biofuel production tax credit and the cellulosic biofuel depreciation allowance to include algae- 
based biofuels. 
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Introduction 

Congress is currently questioning whether existing policies are producing the desired growth for 
domestic advanced biofuels, including algae-based biofuels (ABB), and for related private-sector 
investment in ABB research, development, and commercialization. In the Energy Independence 
and Security Act of 2007 (EISA, P.L. 110-140), Congress expanded the Renewable Fuel Standard 
(RFS2) by mandating that increasing volumes of renewable biofuels be used in the nation’s 
transportation fuel supply. 1 The RFS2 identified four specific biofuel categories and established 
time-specific mandates for quantities of fuels, the fastest-growing and largest of which is the 
cellulosic biofuels category. Algae is not identified as a cellulosic biofuel feedstock type to meet 
the RFS2. 

A minimal amount of cellulosic biofuel was produced in 20 12. 2 As a result, the Environmental 
Protection Agency (EPA) was compelled to lower the cellulosic biofuel mandate for the third 
successive year and has proposed to do so for a fourth year in 2013. Moreover, a $1.01 per gallon 
cellulosic biofuel tax credit is set to expire at the end of 2013. There is considerable concern 
about how the U.S. cellulosic biofuels industry will develop to meet the mandates in the absence 
of federal support and which, if any, other types of biomass could be used as a primary feedstock 
to meet the mandate. 

Congress held hearings and Members introduced legislation during the 112 th Congress that 
supported the use of multiple biomass feedstocks as energy sources to meet transportation needs/’ 
Of particular interest are feedstocks that are sustainable and domestic in origin, could spur job 
creation, and would have few adverse environmental impacts. Some argue that algae — generally 
defined as simple photosynthetic organisms that live in water — is one biomass feedstock that 
could meet these criteria. Algae can be used to produce a variety of biofuels, but most production 
to date has focused on biodiesel, and it is unclear whether production of other biofuels would be 
feasible given resource requirements and other concerns. 

If successfully commercialized, ABB would have potential advantages and disadvantages 
compared to other biofuels. Among its advantages, algae has higher biomass yields per acre of 
cultivation than other feedstocks, leading to larger oil yields. It also may use water that is 
undesirable for other uses (e.g., wastewater or saline sources). In addition, ABB production could 
potentially recycle carbon from carbon dioxide-rich flue emissions from stationary sources (e.g., 
power plants), if ABB facilities are co-located with such facilities. 4 Some ABB drawbacks 
concern the volume and availability of resource inputs (e.g., water, land, and nutrients), the 



1 For more information on the RFS, see CRS Report R40155, Renewable Fuel Standard (RFS): Overview and Issues, 
by Randy Schnepf and Brent D. Yacobucci. Congress first established an RFS with the enactment of the Energy Policy 
Act of 2005 (EPAct, P.L. 109-58). This initial RFS is referred to as RFS1. Two years later, EISA superseded and 
greatly expanded the biofuels mandate. The expanded RFS is referred to as RFS2. 

2 Approximately 20,000 gallons of cellulosic ethanol was produced and registered with the RFS in 2012 at a 
demonstration plant owned by Blue Sugars Corporation. Susanne Retka Schill, “Milestones Reached,” Ethanol 
Producer Magazine, October 5, 2012. 

3 For more information, see CRS Report R4 1282, Agriculture-Based Biofuels: Overview and Emerging Issues, by 
Randy Schnepf. 

4 U.S. Department of Energy, National Algal Biofuels Technology Roadmap , May 2010, http://wwwl.eere.energy.gov/ 
biomass/pdfs/algal_biofuels_roadmap.pdf. 
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immaturity of technology to convert algae into biofuels, the sensitivity of algae to minor changes 
in its environment, and the cost of running a commercial-scale facility. 

Substantial ABB research and development (R&D) has taken place since the 1950s, but for 
various reasons ABB has yet to gain a foothold in the transportation fuel market. The main reason 
is that ABB is not currently economical to produce at commercial scale. Also, it is not a major 
component of energy and agricultural statutes; as a result there is likely more inherent investment 
risk. The relevance of ABB to the U.S. transportation sector could potentially rise if technological 
advances are achieved, if oil prices rise, if certain fuels (e.g., cellulosic biofuels) prove incapable 
of meeting annual RFS2 mandates, or as federal agencies and corporations announce ventures 
involving ABB for both vehicle and aircraft use. 

This report discusses the status of ABB research and development, federal funding, and 
legislative concerns. While this report focuses on the use of algae as a biomass feedstock for 
transportation fuel, there are other applications for algae (e.g., nutraceuticals, cosmetics). 
However, congressional and public interest are currently focused on algae use for transportation. 



Algae and the Renewable Fuel Standard 

Many ABB discussions involve its limited eligibility for the RFS2 — a mandate requiring that the 
national fuel supply contain a minimum amount of fuel produced from renewable biomass — 
compared to other biomass feedstocks. 5 Although ABB is eligible to participate in the RFS2, it 
does not qualify as an eligible feedstock under the cellulosic biofuel subcategory. Algae is not 
cellulosic and is not defined as cellulosic in the RFS2 regulations. 

Assuming algae is converted to a diesel substitute, ABB would qualify for the biomass-based 
diesel subcategory, but to date it cannot compete cost-effectively with soy biodiesel in this 
subcategory. 6 In February 2013, EPA clarified that the RFS biomass-based diesel subcategory 
does include jet fuel. 7 One study reports that the production of algae biodiesel could cost from 
$9.84 to $20.53 per gallon, compared to $2.60 per gallon for petroleum diesel production. 6 In 
2011, the U.S. Navy and the U.S. Department of Agriculture (USDA) announced the $12 million 
purchase of 450,000 gallons of advanced drop-in biofuel, from a blend of non-food waste and 
algae, to be mixed with aviation gas or marine diesel fuel. 9 



5 Questions also arise about tax credits and grants available for ABB, but these topics are beyond the scope of this 
report. 

6 40 CFR 80.1 125; for more information, see CRS Report R41631, The Market for Biomass-Based Diesel Fuel in the 
Renewable Fuel Standard (RFS), by Brent D. Yacobucci. 

7 U.S. Environmental Protection Agency, Regulation of Fuels and Fuel Additives: Identification of Additional 
Qualifying Renewable Fuel Pathways under the Renewable Fuel Standard Program, February 22, 2013. 

s Ryan Davis, Andy Aden, and Philip T. Pienkos, “Techno-Economic Analysis of Autotrophic Microalgae for Fuel 
Production ,” Applied Energy, vol. 88, no. 10 (October 2011), pp. 3524-3531. Production cost of $9.84 and $20.53 per 
gallon is with the use of an open pond system and a photobioreactor, respectively, for 2011. 

9 U.S. Department of Agriculture, “Navy Secretary Ray Mabus and USDA Secretary Tom Vilsack Announce Largest 
Ever Government Purchase of Biofuel,” press release, December 5, 201 1, available at http://www.usda.gov/wps/portaE 
usda/usdahome?contentid=201 1/1 2/0500. xml&contentidonly=true. 
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